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Abstract

Background—The lung is a target organ for adverse health outcomes following exposure to
arsenic. Several studies have reported a high prevalence of respiratory symptoms and diseases in
subjects highly exposed to arsenic through drinking water, however, most studies to date has been
performed in exposed adults, with little information on respiratory effects in children. The
objective of the study was to evaluate the association between urinary levels of arsenic and its
metabolites with lung function in children exposed in utero and in early childhood to high arsenic
levels through drinking water.

Methods—A total of 358 healthy children were included in our study. Individual exposure was
assessed based on urinary concentration of inorganic arsenic. Lung function was assessed by
spirometry.

Results—Participants were exposed since pregnancy until early childhood to an average water
As concentration of 152.13 pg/L. The mean urinary arsenic level registered in the studied subjects
was 141.2 pg/L and only 16.7% had a urinary concentration below the national concern level.
Forced vital capacity was significantly decreased in the studied population and it was negatively
associated with the percent of inorganic arsenic. More than 57% of the subjects had a restrictive
spirometric pattern. The urinary As level was higher in those children with restrictive lung patterns
when compared with the levels registered in subjects with normal spirometric patterns.

Conclusion—Exposure to arsenic through drinking water during in utero and early life was
associated with a decrease in FVVC and with a restrictive spirometric pattern in the children
evaluated.
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Introduction

Arsenic is a highly potent toxicant and carcinogen (IARC 2004). Worldwide, millions of
individuals are exposed to arsenic in drinking water above the World Health Organization
guideline value of 10 pg/L (Kinniburg and Smedley 2001; Nordstrom 2002; WHQO 2004)
Chronic arsenic exposure through drinking water has been correlated with increased
incidence and mortality by cancers of the lung, skin, kidney, urinary bladder, and liver
(Chiou et al., 1995; Hopenhayn-Rich et al., 1998). Chronic arsenic ingestion in drinking
water also causes nonmalignant diseases. While arsenic can affect many tissues and organ
systems, the lung seems particularly susceptible (NRC 2001). In fact, several studies have
reported a high prevalence of respiratory symptoms in subjects highly exposed to arsenic
through drinking water such as chronic cough, abnormal chest sound, shortness of breath
(Mazumder et al., 2000), lower forced expiratory volume measured in 1 second (FEV), and
altered forced vital capacity (FVC) (von Ehrenstein et al., 2005). Additionally, De et al.,
(2004) reported that 57% of subjects chronically exposed to arsenic had respiratory
symptoms with 53% having restrictive lung disease and 41% of the study participants
having both obstructive and restrictive lung diseases. Mazumder et al., (2005) reported a 10-
fold increased risk of chronic obstructive pulmonary disease (COPD), identified by high-
resolution computed tomography. Among people with arsenical skin lesions increased
mortality from COPD has been associated with exposure to high levels of arsenic in an As-
endemic area of Chile (Smith et al., 2006). The majority of studies have investigated altered
lung function and respiratory diseases in adults. Very few studies have correlated early-life
arsenic exposure with alterations in lung function and respiratory disease in adults or
children.

The first investigations into the health effects of early-life arsenic exposure came from the
limited studies of children in Chile, which reported a high prevalence of respiratory illness
among children with arsenical skin lesions compared with those without such lesions
(Zaldivar 1980; Zaldivar and Ghani 1980). Among the more recent and relevant studies
were those reported from Antofagasta, Chile. Residents of Antofagasta experienced a
dramatic increase in concentrations of arsenic (> 500 ppb) in their drinking water from 1958
until remediation efforts began in the 1970's. In utero and early childhood exposure to these
high levels resulted in increased mortality from lung cancer, bronchiectasis, and other
chronic obstructive pulmonary disease in adults several decades after the exposures (Smith
et al., 2006). In addition, these early life exposures resulted in decrements in lung function
(Dauphine et al, 2011) and increased susceptibility to pulmonary infections in adults (Smith
et al, 2011).

Animal and in vitro models have been used in attempts to determine the sites and the
mechanisms of pulmonary developmental toxicity of inorganic arsenicals. Using a mouse
model, in utero and early postnatal exposures to arsenic resulted in dose dependent increases
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in airway reactivity. These changes were irreversible and specific to exposures during lung
development (Lantz et al., 2009). Alterations were correlated with protein and gene
expression changes in extracellular matrix (collagen, elastin), resulting in increased smooth
muscle mass around the small airways. These authors demonstrated that in utero and
postnatal exposure to environmentally relevant levels of arsenic (50 or 100 ppb in water) can
irreversibly alter pulmonary structure and function in adult mice.

Human and mouse models have clearly shown that early life exposures to arsenic can result
in alterations in adult lung function and lung disease. However, at present no reports exist
concerning the relationship of early life arsenic exposures and lung function in children. For
this reason, the aim of this study was to evaluate the impact of in utero and early-life arsenic
exposure through drinking water on lung function in children.

Material and Methods

Study population

Subjects were recruited by presentations to the parents at schools and by the distribution of
flyers. More than 500 children were evaluated, however, only 358 children fulfill the
inclusion criteria and they were included in our study. The participants were females and
males aged 6-12 years residing in four rural communities in which the highest arsenic tap
water levels have been detected in the last 20 years (104-360 ppb). These communities
received groundwater through the local water supply and the high As levels detected in it is
due to an over water extraction from the ground for crops. At present, water is obtained to a
deep of 200-300 meters. These communities form part of the geographic area known as
Comarca Lagunera, which is located in the north-central part of Mexico.

To aid in focusing on arsenic exposure that is related to in utero and/or post-natal exposure,
we exclusively included only healthy volunteers who were conceived in the studied rural
communities, whose mothers live their entire pregnancies in these communities and in who
have remained as permanent residents of the same communities. Subjects who agreed to
participate in the study were divided in four study groups (quartiles) according with their
total urinary arsenic level (Group 1: <63 ug/l; Group 2: 263 <113 pg/l; Group 3: 2113 <181
pg/l and Group 4: 2181 pg/l).

Questionnaire application

Information was collected through in-person interviews and included socio-demographic
variables (education, socioeconomic status, type of kitchen, type of fuel used for cooking),
lifetime residential history, lifestyle factors (secondhand smoke defined as someone
smoking regularly in the same room at home, and exercise), parent's occupational history,
water source types (municipal tap water, bottled, other), current medications, medical
history, and diet. Water consumption habits were ascertained through a standardized
questionnaire.

Standardized questions were adapted to Spanish from the questionnaire used by the
American Thoracic Society Division of Lung Disease (ATS-DLD 1978) to register the
presence of respiratory symptoms. It included questions regarding frequent cough (defined
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as presence of cough on most days for 3 consecutive months or more during the year),
chronic cough (defined as presence of cough for 3 consecutive months in 2 consecutive
years), frequent phlegm (defined as bringing up phlegm on most days of month, for 3
consecutive months or more in a year), chronic phlegm (presence of phlegm for 3
consecutive months in 2 consecutive years), frequent wheezing (whistling sound heard on
expiration within 2 years), chronic wheezing (whistling sounds heard on expiration more
than 2 years), shortness of breath Grade | (shortness of breath, when hurrying on level
ground or walking up a slight hill) and Grade Il (dyspnea defined as walk slower than
people of the same age on level ground because of breathlessness or has to stop for
breathing when walking at own pace on level ground). Asthmatic volunteers confirmed by a
doctor were not included in the study.

Written informed consent was obtained from each participant and from their parents to
obtain biological samples, which were obtained at the time of interview. The study protocol
was approved by the Ethics Committee of the School of Medicine at Torreon, University of
Coahuila, Mexico.

Arsenic measurement in drinking water and urine

Drinking water samples were collected from the municipal well and analyzed for inorganic
arsenic levels. No other contaminants in the drinking water were measured.

Individual exposure was assessed based on urinary concentration of the sum of inorganic
arsenic. The urine samples were obtained during the late autumn and winter seasons to avoid
the hottest seasons when there is much higher water consumption and children have
increased outdoor activities. The in utero and childhood As exposure was calculated as the
As tap water level mean registered in the studied communities during the period of
2000-20013. Urine samples were collected in polypropylene bottles and stored at —80°C
until they were analyzed using the methodology described by U.S. Center for Disease
Control (method 0161A/01 OD, 2004). Briefly, arsenic species in urine [AsY, As!!!,
monomethylarsonic acid (MMAY), dimethylarsinic acid, (DMAV) and arsenobetaine] were
separated by HPLC. Arsenic concentrations in water samples and urine were analyzed by
inductively coupled plasma mass spectrometry utilizing the Standard Reference Water, SMR
1640 (NIST, Gaithersburg, MD, USA) and the freeze-dried Urine Reference Material for
trace elements (Clinchek-control; RECIPE Chemicals instruments GmbH, Munich,
Germany) for urine as quality control. The concentration of metabolites of inorganic arsenic
in urine is a recognized biomarker of the exposure to inorganic arsenic (Vahter 2002).
Additional exposure to DMA or to organic arsenic metabolized in the body to DMA, which
usually is attributable to consumption of seafood such as bivalves and seaweeds, was
considered minimal because such seafoods are essentially never eaten in this area.

Arsenic metabolism efficiency was calculated using the following formulas proposed by Del
Razo et al., (1997) first methylation = MMAV/(AsV+As!!"); second methylation =
DMAV/MMAYV.
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Lung function measurement

Statistics

After height and weight were measured by interviewers, lung function was assessed
according to American Thoracic Society guidelines (ATS 1995) using an EasyOne
spirometer (NDD Medical Technologies, Zurich, Switzerland) in diagnostic mode for
pulmonary function tests. The device was standardized to meet American Thoracic Society
guidelines for lung function tests. The EasyOne has been used in a number of research
studies in different countries and at a number of teaching hospitals in the United States
(Menezes et al., 2005; NDD 2007; Perez-Padilla et al., 2006a). The instrument was
calibrated each morning prior to data collection with a 3-L syringe (SensorMedics, USA).

The age, height, weight, sex and race predicted values of Forced Vital Capacity (FVC),
forced expiratory volume in one second (FEV4) and their ratio (FEV1/FVC) were recorded
in milliliters (ml) and percentage, respectively. For predicted values those of the Mexican-
Americans in NHANES I1l (Hankinson et al., 1999). Predicted percentage of = 80% for
FVC and FEV; and an FEV1/FVC ratio of >0.7 were considered as cut off values for lung
function tests to be normal. These cut-offs are generally used internationally for categorizing
lung volumes as normal or abnormal (Fletcher et al., 1959). Obstructive lung function was
defined as having FEV1 <80% and FEV1/FVC <70% and restrictive lung function was
defined as having FEV1 <80% and FEV1/FVC >70% (Celli and MacNee, 2004). The
procedure was explained in detail to the participants who were allowed to practice until they
felt comfortable. Pulmonary function was evaluated with the children seated, using a
noseclip and a disposable mouthpiece. Exclusion criteria for spirometry included a positive
answer for any of the following questions in the last three months: thoracic or abdominal
surgery, heart problem, eye surgery and admission to hospital for any cardiac condition;
pregnancy among the girls was also exclusion for spirometry.

Volunteers were instructed to take as deep a breath as possible and then blow as hard and
long as possible into the spirometer. Following a demonstration and practice with the
mouthpiece, participants performed tests in a sitting position with active coaching. The
maneuver was repeated until the EasyOne indicated satisfactory results were achieved (e.g.,
FEV; and FVC within 200 ml of previous values) or the participant chose to stop. Each
subject's best trial (largest sum of FEV, and FVVC) was included in analyses. Spirometry
data were reviewed by a pulmonologist.

In the univariate analysis, independent and dependent variables were described according to
their frequency and distribution measurements (arithmetic mean, range and standard
deviations). In the bivariate analysis, the F test was used when the variable was divided into
more than two categories, and we used Student's t test or the Mann Whitney test to compare
different levels of arsenic when dichotomic variable categories were analyzed. This method
permitted us to establish statistical differences among groups for each dependent variable.
Linear regression models were used to assess crude or independent associations between
subjects' variables with arsenic urine concentrations. Linear regression analysis was also
performed separately for FEV,, FVC and FEV1/FVC ratio in order to determine the
association of percentage predicted lung volumes with respiratory symptoms. Validity of the
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ATS respiratory questionnaire along with predictive values was also calculated for
obstructive and restrictive lung patterns separately. In multiple analyses, we included all
relevant variables identified in the bivariate model in addition to those possessing biological
plausibility. The confounding variables included in the final analyses were gender, BMI,
type of water consumed and mother's education level. All analyses were performed using the
statistical software STATA 11.0 (Stata Corp., College Station, TX).

Most of the socio-demographic, anthropometric characteristics, and life style variables of the
participants were similar between studied groups, except the following variables: BMI was
lower among subjects from Group 4; second hand smoking was lower in children form
Group 3 and it was higher in volunteers from Group 4 (p<0.05) (Table 1). On the other
hand, the frequency of consumption of tap water at home, at school and for cooking was
significantly higher (p<0.05) in subjects from groups 3 and 4. The mean number of water
glasses (300 ml) drank per day was 2.8 and no differences between groups were observed in
terms of the amount of water ingested. Other possible sources of arsenic exposure including
diet, agrochemicals, fuels, preservatives or others compounds containing arsenicals were
negligible. A good correlation (0.6895) was found between As tap water level with the
arsenic urinary level.

Total arsenic, methylated metabolites and inorganic As (iAs) levels were significantly
higher (p<0.05) in subjects from groups 2-4 than in Group 1, and the %MMA was higher
only in subjects from Group 4 (Table 2). Total arsenic urinary levels were positively
associated with male gender ( 0.105; 95% CI 0.001, 0.20), and type of water used at home
(B 0.153; 95% CI 0.05, 0.25) and negatively associated with BMI ( -0.014; 95% ClI
-0.0274, -0.0009) and with mother's schooling (8 -0.013; 95% CI -0.0251, -0.001).

The three most frequently recorded respiratory symptoms in the studied population were
frequent phlegm (9.77%), frequent cough (9.77%), and frequent wheezing (5.86%) (Table
3). Less than 8.2% of children referred chronic phlegm and cough. Most of the respiratory
complaints and number of respiratory diseases were slightly more frequent but not different
(p>0.05) in subjects from group 3 (Table 3). In addition to these symptoms, respiratory
diseases were investigated and bronchiolitis was the most frequent disease registered among
participants (11.4%), and it was slightly more frequent in children from groups 2 and 4 when
compared with the recorded in children from Group 1 (3.49% vs 11.9 and16.19.5%,
respectively) (p<0.05) (data not shown). Other diseases such as, asthmatic bronchiolitis,
pneumonia, whooping cough, and asthma were infrequent (<4%).

On the basis of quality assessment of spirometry reports, 9 entries were excluded from the
analysis. Forty two percent of total volunteers had a normal spirometric evaluation;
meanwhile, the percent of normal spirometries was significantly higher in group 1 (48%)
than in groups 3 and 4 (34% and 38%). Most of the evaluated children had a decrement in
the residuals of FEV4 (59.8 %) and FVC (73.4%). The percent predicted FEV1 and FVC
mean values in the population was negative (Figure 1); and the FEV, and FVVC deficits were
significantly bigger (p<0.02) in volunteers from group 3 and 4, respectively (Table 4),
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meanwhile, the FVC residual was lower only in subjects from Group 3 (p<0.01) (Table 4).
FVC was the parameter most affected in the studied population and it was negatively
associated with AsY (B -0.003; 95% CI -0.006, -0.001) and with percent of inorganic As
(%iAs) (B -0.003; 95% CI -0.005, -0.008), and positively associated with DMA ($ 0.002;
95% CI 0.006, 0.005) and with secondary methylation (3 0.026; 95% CI 0.006, 0.689). In
the adjusted multivariate analysis, only %iAs (j -0.003; 95% CI -0.006, -0.001) and DMA (B
0.003; 95% CI 0.001, 0.005) maintained their association with FVC.

The results of FEV1 and FVC show that a total of 199 subjects (57%) had a restrictive
spirometric pattern and no more than 2% had an obstructive pattern. From the children with
a restrictive pattern, more than 96% had a low severity grade. No differences in the
frequency in the five types of severity pulmonary restriction were found between groups,
except in the frequency of moderate severity, which was higher among volunteers from
Group 4 (Table 4).

Urinary arsenic concentration was significantly higher in those children with a restrictive
spirometric pattern when compared with subjects with a normal pattern. In volunteers with
moderate pulmonary restrictive patterns, the urinary arsenic level was twice the mean
recorded in the overall studied population (291.2 vs 141.2 pg/L) (Table 5).

Discussion

To our knowledge, this is the first study evaluating the association between arsenic
exposures through drinking water and lung function in children. It is widely known that the
main source and route of arsenic exposure in humans is through drinking water.

In the present study, participants were exposed since pregnancy until early childhood to an
average water As concentration of 152.13 £ 49.35 pg/L (range 104-275 pg/L). The mean
urinary arsenic level registered in the overall studied subjects was 141.2 pg/L. From all
children evaluated, only 16.7% had a urinary concentration below the national concern level
(<50 pg/L). The proportions of urinary As metabolites found in our study population were
consistent with the relative distribution in other populations exposed to arsenic (range of 10—
30% iAs, 10-20% MMA, and 60-80% DMA) (Hopenhayn-Rich et al., 1998). In addition,
the methylation pattern seen in our study is similar to what has been reported in other
Mexican children studies (Del Razo et al., 1994). The pattern is slightly different from what
has been reported in Belgian (Buchet et al., 1988) and North-American children (Kalman et
al., 1990). Differences in metabolic profiles between these ethnic groups may be due mainly
to the dissimilar As exposure, genetics, and diet.

Guifan et al., (2006) reported different proportion of As metabolites between children and
adults depending on the level of exposure. These authors found that the concentrations of all
As metabolites were higher in children than in adults when exposed to 20-90 ug/l, but lower
in children than in adults in a 160 ug/L exposed group. In our work, most of the arsenic
metabolites were higher (p<0.05) in the most exposed groups and the %MMA was more
than 8 times greater when in Group 4 when compared with Group 1 (p=0.003). This may
partially explain our results showing a decrement in lung function, because high proportion
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of iAs and of MMA in urine has been associated with increased risk of a number of different
health effects in adults (Tseng 2007) and monomethylation of arsenic produces a toxic
metabolite (Bing et al., 2001; Nesnow et al., 2002). While gender has been associated with
differences in As metabolism, there were not any differences between males and females in
this age group. According with the recollected data, the main source of the As levels in the
children studied is the ingestion and use of tap water; other As sources such as diet,
environmental pollution or other compounds containing arsenicals (agrochemicals,
preservatives, fuels) were negligible. Another possibility to explain that levels is that they
are carriers of As metabolic enzymes polymorphisms.

Evidence suggests that arsenic exposure in drinking water has been associated with an
increase in respiratory symptoms or diseases in exposed adults. Sensitive windows of
exposure may exist during development that can affect adult function. Exposures to high
levels of arsenic may be particularly harmful. During pregnancy in utero transplacental
transfer of arsenic occurs in humans (Concha et al., 1998) which can lead to functional
changes via altered fetal programming (Heindel 2007; VVahter 2008). In addition, early-life
or childhood exposures can alter lung structure and function because of interference with
rapid organogenesis and differences in children's water intake, metabolism, and
detoxification (Landrigan et al., 2004). These alterations may contribute to the increased
susceptibility of developing chronic respiratory disease in arsenic exposed human
populations (Ramsey et al., 2013). In our study, 81% of the children were conceived in the
studied rural communities and 19% in other close rural communities in which the As water
levels must be similar because they receive the tap water from the same water supply
system; 97% of them have lived their entire life in the same location. Therefore, the children
in our study have been exposed chronically in utero and during their early childhood life to
high As levels. In order to completely demonstrated that in utero exposure produced effects
on lung development or if the effects are due to chronic arsenic exposure to the growing
child, additional studies will be needed, including a cohort that has moved into the study
areas with children borne elsewhere.

In our study, more than 93% mothers received folic acid during pregnancy, which could
diminish the effects of arsenic during development due to its antioxidant properties
(Mukherjee et al., 2006) and by donation of methyl groups (Friso et al., 2002). However, the
percentage of mothers taking folic acid was similar in the studied groups indicating that this
would not account for the observed arsenic-induced differences between the groups.

In our study, the questionnaire did not show any significant differences in the prevalence of
respiratory symptoms or diseases between groups. Respiratory symptoms and diseases were
not associated with As urinary levels or its metabolites. These data are in agreement with
those reported by Dauphine et al., (2011) who found no evidence of associations between
arsenic levels and chronic cough, phlegm and chronic bronchitis in adults that had been
exposed to high levels during lung development. A limitation of our study was that
respiratory symptoms and diseases were assessed by questionnaire, which may be affected
by recall bias, leading to either over- or underestimation of the association.
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However, using spirometry measurements, a decrease of 5% and 8% of predicted percent of
FEV; and FVC was observed, respectively. The percent of predicted FEV4 and FVC were
significantly lower in the most exposed groups (3 and 4, respectively). Dauphine et al.,
(2011) described decreases of 4.6% in FEV; and 2.7% in F\VVC values in adults who were
exposed to arsenic concentrations of 50 — 250 ug/L during lung development. Higher
decreases in these parameters (11.5% and 12.2%) were seen with exposures greater than 800
ug/L. When we compared the results of FEV4 and FVC residuals between our groups, we
found a significant decrease in both parameters in Group 3, and an inverse relationship
between total urinary As levels with spirometric parameters. The reduction of FVC residual
was 1.38 times higher (p<0.05) in group 4, however, in the multivariate analysis, only FVC
was negatively associated with %iAs and positively associated with %DMA. In contrast
with our results, several authors (De et al., 2004; Parvez et al., 2008; Mazumder et al., 2000;
2005; Milton et al., 2002, 2003; von Ehrenstein et al., 2005) have reported an inverse
association between urinary As levels not only for FCV, but also for FEV4, and FEV/FVC
ratio. These data was obtained in adults, some with visible arsenical lesions, a fact that may
bias the assessment of pulmonary function. The decreases in FEV; and FVC registered in
children suggest a restrictive spirometric pattern. von Ehrenstein et al., (2005) found
equivalent patterns in exposed adults who had a restrictive (e.g., lung fibrotic or
neuromuscular) pattern. De et al., (2004) reported in their study, that 53% of exposed
subjects had restrictive lung disease. The restrictive pattern in our study was more frequently
observed in the most exposed group of children (61.6-65.9%) and it was positively
associated with As urinary levels. From children with the restrictive pattern, 96.51% had
pulmonary restriction grade 1 (low), while, one (1.19%) and 5 children (5.82%) from groups
3 and 4, respectively, had pulmonary restriction grade 2 (moderate) and one child (2.26%)
from group 2 having a grade 4 (moderate to severe). In children with restriction grade 2,
urinary As levels were almost twice that recorded for children with restriction grade 1.

Our data suggest that As should be considered a potentially harmful risk factor for
decrement in lung function during infancy and it may contribute to the increased
susceptibility for chronic respiratory diseases later in life. Several investigators have used
lung development in mice to model what could occur during human developmental. While
lung development in the mouse occurs much more rapidly, the stages of lung development
are similar in both species. Mice are born with less well developed lungs than humans but
bot nice and humans go through a rapid postnatal alveolar development after birth. In the
case of humans this continues until the ages of 8-12 years old, while in mice this process is
almost complete in 28 day old animals. Thus comparison of mice at 28 days old is
equivalent to approximately a 10 year old human lung.

Restrictive lung disease is associated with diseases of the parenchyma of the lung or of the
respiratory muscles. Previously, arsenic has been shown to alter extracellular matrix protein
production (Lantz et al., 2009) and to inhibit wound repair (Olsen et al., 2008). Alterations
in connective tissue could result in inappropriate distal lung development, especially
alveolar septation that occurs from birth to around 10 years of age in humans. Development
of fibrosis is accompanied by restrictive lung disease. In addition, inhibition of wound repair
was due to inappropriate migration and differentiation of epithelial cells. Inhibition of these
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processes during distal airway and parenchymal development could reduce the numbers of
cells producing surfactants, leading to restrictive lung disease.

Although the mechanism of As-induced respiratory illness is not fully understood, several
studies have shown that a large amount of As is deposited and stored in the lung, especially
in the epithelium (Gerhardsson et al., 1988; Saady et al., 1989). In rabbits, arsenic has been
shown to accumulate in the lung more than in any other organ except the liver and kidney
(Bertolero et al., 1981; Marafante et al., 1981). Other animal studies show that DMA is
retained longer in the lungs than in other tissues (Kenyon et al., 2008) and it has been
proposed that the levels of arsenic in the fetal lung would be about 1% of the administered
arsenic, mostly in the form of dimethylarsenic (Devesa et al.,2006). Several authors have
suggested that the mechanism of action of As in the lungs is that it can enhance tissue
inflammation (De et al., 2004; Nemery 1990), inducing respiratory function impairment by
oxidative stress (Hays et al., 2006; Lantz and Hays, 2006) or by producing or increasing
pulmonary fibrosis (Nemery 1990, von Ehrenstein et al., 2005). Increased inflammatory
responses have been reported in infants born to arsenic exposed mothers (Fry et al., 2007)
and arsenic alters markers of inflammation (soluble receptor for advanced glycation end
products, matrix metalloproteinase — 9, tissue inhibitor of matrix metalloproteinase 1) in
adults exposed to 20 ug/L arsenic.

In conclusion, arsenic significantly reduces FVC in children in a dose dependent manner and
significantly increases the percentage of children with pulmonary restriction grade 1.
Decreases in FVC were associated with %iAs in the urine. Similar results are seen in adults
that have been exposed to arsenic during lung development, even when arsenic levels are
subsequently reduced. Control of exposure to arsenic during critical early life lung
development may be important for reducing arsenic-induced decrements in pulmonary
function.
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Relationship between percent of predicted FEV; and FVC with total arsenic urinary levels.
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Table 1

Socio-demographic, anthropometric characteristics, and life style of the participants. Results are shown as
arithmetic mean and standard deviation.
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| Group 1(n=89) | Group 2 (n=90) | Group 3 (n=189) | Group (n=90)
Age (years) | 8.818 | 9.21.88 | 91.80 | 8.71.64
Gender
Female 50 56.18% 54 60.00% 45 50.56% 39 43.33%
Male 39 43.82% 36 40.00% 44 49.44% 51 56.67%
Height (m) | 1.350.13 | 1.380.13 | 1.36 0.13 | 1.340.10
Weight (Kg) | 34.3011.52 | 36.86 13.55 | 33.6510.79 | 31.399.16
BMI** | 18.67 4.75 | 17.59 3.44 | 17.12 3.46 | 16.85 5.40*
Schooling (years) | 3.631.78 | 3.791.88 | 357171 | 3.26 1.53
Residency (years) | 8.331.95 | 8.552.23 | 8.431.90 | 8.221.81
Second hand smoking
No 66 74.15% 62 80.00% 75 84.26% 5561.11%
Yes 23 25.84% 18 20.00% 14 15.73% 35 38.88%"
Father's occupation
Agricultural worker 23 27.71% 18 22.78% 18 22.78% 25 30.86%
Use of agrochemicals 15 16.85% 12 13.33% 12 13.48% 15 16.66%
Place of pregnancy
Same community 7382.1% 77 85.55% 76 85.39% 64 72.22%
Different community 16 17.9% 13 14.44% 13 14.60% 2527.77%
Use of folic acid during pregnancy
No 6 6.74% 6 6.66% 4449 88.88%
Yes 83 93.25% 84 93.33% 85 95.50% 8291.11%
Smoking during pregnancy
No 88 98.87% 84 100.00% 88 98.87% 90 100.00%
Yes 11.12% 0 11.12% 0
Breastfeeding (months) 9.977.77 9.949.27 9.47 10.55 8.94 9.47
Type of water used at home
Purified 50 56.17% 46 51.11% 36 40.44% 28 31.11%
Tap water 37 41.57% 43 47.77% 52 58.42%* 59 65.55%*
Both 22.24% 33.33% 22.24% 33.33%
Type of water used at school
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Group 1(n=89)

Group 2 (n=90)

Group 3 (n=189)

Group (n=90)

Purified 13 14.60% 15 16.66% 12 13.48% 33.33%
Tap water 72 80.89% 7178.88% 77 86.51% 84 93,3396
Both 44.49% 4 4.44% 0 33.33%
Type of water for cooking

Purified 22.24% 16 17.77% 1415.73% 77.77%
Tap water 2224.71% 70 77.77%" 72 80.89%" 80 88.88%"
Both 65 73.03% 4 4.44% 33.37% 33.33%

*
p<0.05: T test, Mann Whitney test or Chi2 (Group 1 compared with Groups 2-4)

*

*
BMI: calculated as: weight]height2
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Page 17

Total arsenic and its metabolites urinary levels in the studied population. Results are shown as arithmetic
mean and standard deviation.

Group 1 (n=389)

Group 2 (n=90)

Group 3 (n=89)

Group 4 (n=90)

Total As (Ug/L) 41.08 £14.4 84.95+14.19"" | 143.75+19.4"" | 294.01 +122.7*"
As!l! 3.98+2.92 9.30 +4.1°" 17.42+9.0™" 39.13+23.0""
AsY 9.77214.2 9.30£18.1 6.91+12.7" 11,51 +22.8"
MMA 516+24 10.79 +4.0™* 19.63 +6.1°" 40.74 +21.6™"
DMA 22114153 53.32 +20.3"" 96214215 | 189.90+86.0""
First methylation 0.96 +0.8 0.83+0.3 0.94+3 0.93+0.3
Second methylation 4.66 +3.3 5.40 +2.4 5.36 +1.8 5.05 +1.6
IAs 1375 £14.2 18.45 +16.9™" 23.95+15.0"" 51.60 +31.9""
%iAs 32.85+32.0 21.93 +20.2 16.73 £10.9 17.16 +8.6
%MMA 12.53+3.6 12.67 +3.9 13.61 £3.6 1374 433"
%DMA 53.37 +31.1 62.69 +21.4 67.04 +13.0 64.88 +12.7

.
p <0.05

*%

p< 0.001: Ttest or Mann Whitney test (Group 1 compared with Groups 2-4)
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Table 3

Frequency of respiratory symptoms in the children studied. Results are shown as frequency and percentage.
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Group 1 (n=89) | Group 2 (n=90) | Group 3 (n=89) | Group 4 (n=90)

Frequent cough

No 8494.38 8190.00 78 87.64 78 86.66

Yes 55.61 910.00 1112.35 1213.33
Chronic cough

No 85 95.50 87 96.66 87 97.75 8594.44

Yes 44.49 3333 2224 55.55
Frequent phlegm

No 8292.13 77 85.55 8494.38 80 88.88

Yes 77.86 1314.44 55.61 1011.11
Chronic phlegm

No 86 96.62 8493.33 8797.75 86 95.55

Yes 33.37 6 6.66 22.24 4444
Frequent wheezing

No 8393.25 8392.22 8797.75 8493.33

Yes 66.74 77.77 2224 6 6.66
Chronic wheezing

No 86 92.62 8897.77 8797.75 8897.77

Yes 3337 2222 2224 2222
Shortness of breath grade |

No 89 100 90 100 89 100 90 100

Yes 0 0 0 0
Number of respiratory diseases per year

0 4449 2222 4449 4444

1-3 69 77.52 72 80.00 68 76.40 69 76.66

4-7 15 16.85 16 17.78 18 20.22 15 16.66

8-10 1112 0 0 2222

*

p <0.05

*%

p< 0.001: Ttest or Mann Whitney test (Group 1 compared with Groups 2-4)
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Residual spirometric parameters”, spirometric pattern and severity of pulmonary restriction in the studied
population. Results are shown as arithmetic mean and standard deviation.

Spirometric variable Group 1 (n=87) | Group 2 (n=88) | Group 3 (n=88) | Group 4 (n=86)
Percent predicted FEV; 98.97 14.1 99.20 18.1 95.81 145 * 95.41125
Percent predicted FVC 96.19 12.9 96.24 16.0 91.3313.9 90.82 10.7°F
FEV, residual® (mL) -63.86 30.5 -54.9335.5 -87.14 38.0 77.1237.6
FVC residual® (mL) -120.86 29.8 -115.64 36.0 19039 42.7** -167.27 38.1
FEV1/FVC (%) 0.91 0.05 0.910.05 0.92 0.05 0.92 0.05
Spirometric pattern

Normal 42 48.28% 43 48.86% 30 34.09% 3338.37%
Restrictive 4551.72% 45 51.14% 58 65.91% 53 61.63%
Severity of pulmonary restriction (% of predicted FVC)

Low (=70) 4551.72% 44 48.88% 57 64.72% 48 55.81%
Moderate (=60 <70) 0 0 11.19% 55.82%
Moderate to severe (=50 <60) 0 12.26% 0 0
Severe (234 <50) 0 0 0 0
Grave (<34) 0 0 0 0

*
Residual = obtained minus predicted.

*

*
Ttest, Mann Whitney or Chi2 < 0.02 (Group 1 compared with Groups 2-4)
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